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Kurnat, Victoria L., M.S. Spring 1991 wildlife Biology
Duck nest success in Montana 
Director: Dr. J. Ball(jJ
The fates of 884 duck nests and 153 6 artificial nests 
were studied in 1989-1990 at 8 sites in Montana. Success of 
artificial_nests and duck nests did not differ significantly 
(x=49% vs x=49%; F=0.076, 1 df, P=0.7846). The relationship 
between success of artificial and duck nests was linear and 
statistically significant (R*=0.756, P<0.0001), but 
variation was substantial. Success did not differ 
significantly between scented and unscented artificial nests 
(x=49% vs x=50%; F=0.038, 1 df, P=0.8458). Artificial nests 
may be useful as an index to duck nest success on sites with 
high levels of success and low predator populations, or in 
documenting high predation levels on sites where adequate 
samples of duck nests are difficult to find. However, high 
variability limits the use of this technique to predict duck 
nest success.
I also compared the mean vegetation height and density 
(visual obstruction) and fates of duck nests and artificial 
nests. The mean visual obstruction measurements for duck 
nests were significantly nigher than for randomly placed 
artificial nests (x=2.2 dm vs x=l.6 dm; F=6.28, 1 df, 
P=0.0179). However, duck nests were not more successful 
than artificial nests (x=49% vs x=49%; F=0.076, 1 df,
P=0.7846). Duck nest density increased exponentially with 
nest success (R*=0.725, P<0.0001) and was highest on 
predator removal sites. Dense vegetation did not appear to 
ensure high nest success for ducks. Providing dense nesting 
vegetation without regard for predator communities and 
populations may result in ecological traps as nesting hens 
concentrate in attractive but unsafe cover.
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Predation is the primary cause of low recruitment for 
ground-nesting ducks in many areas and habitats. Reducing 
predation on nesting ducks may be critical to reversing 
population declines, but decisions must be based on reliable 
information. In this thesis I investigate a method for 
monitoring nest success in ground-nesting ducks. I also 
investigate whether dense vegetation protects duck nests 
from predation.
Chapter II addresses the potential for using artificial 
nest success as an index to duck nest success. Although 
artificial nests have been used extensively in ecological 
and wildlife studies, little is known about the relationship 
between success of artificial and real nests. This chapter 
is written in a journal format suitable for submission to 
the Journal of Wildlife Management.
Chapter III addresses microhabitat selection by ducks 
nesting within fields of dense vegetation. Randomly placed 
artificial nests are used to examine whether nest site 
selection increases duck nest success. Additionally, I 
investigate the relationship between nest density and 
success over a wide variety of habitats, with and without 
predator control. Chapter III is also written in journal 
format suitable for submission to the Wildlife Society 
Bulletin.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Artificial Nests - Kurnat
ARTIFICIAL NESTS AS AN INDEX TO PREDATION ON DUCK NESTS 
VICTORIA L. KURNAT, Montana Cooperative Wildlife Research 
Unit, University of Montana, Missoula, MT 59812 
Abstract; The fates of 884 duck nests and 1536 artificial 
nests were studied in 1989-1990 at 8 sites in Montana. 
Success of artificial nests and duck nests did not differ 
significantly (x=49% vs x=49%; F=0.076, 1 df, P=0.7846).
The relationship between success of artificial and duck 
nests was linear and statistically significant (R^=0.756, 
P<0.0001), but variation was substantial. Success did not 
differ significantly between scented and unscented 
artificial nests (x=49% vs x=50%; F=0.038, 1 df, P=0.8458). 
Artificial nests may be useful as an index to duck nest 
success on sites with high success and low predator 
populations, or in documenting high predation levels on 
sites where adequate samples of duck nests are difficult to 
find. However, high variability limits the use of this 
technique to predict duck nest success.
Keyword: artificial nest, ground-nesting ducks, Montana,
nest success, predation.
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INTRODUCTION
Habitat fragmentation and intensive land use often 
concentrate nesting birds and nest predators on the same 
patches of habitat. In many species of birds high 
proportions of clutches are destroyed by predators. In 28 
species of migrant passerines, predation caused mortality of 
44.2% of all active nests (Martin 1991). Ground-nesting 
birds are particularly vulnerable ( Wilcove 1985, Ratti and 
Reese 1988), often relying solely on concealment for 
defense. Ground-nesting ducks suffer high nest predation, 
and success rates in many areas are insufficient to sustain 
stable populations (Cowardin and Johnson 1979, Sargent and 
Arnold 1984, Cowardin et al. 1983, Klett et al. 1988).
Nest success of approximately 15% is needed for long 
term maintenance of mallard (Anas olatvrhvnchos) populations 
(Cowardin and Johnson 1979, Cowardin et al. 1983). On 
primary breeding grounds in central North Dakota, nest 
success for mallards averaged only 8%, and 20% of the hens 
were killed at the nest (Cowardin et al. 1983). Greenwood 
et al. (1987), studying mallards on the prairies of Canada 
found that 72% of all nests were destroyed by predation and 
at least 6% of the hens were killed.
Reducing nest predation may be critical to reversing 
population declines, and efficient methods of monitoring 
nest success are an important component of waterfowl 
management. Finding adequate samples of duck nests can be
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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costly, time consuming, and disturbing to the birds and 
nesting habitat. Prior to the advent of mechanized nest 
dragging, ground nests were located by one or more people 
walking through the nesting cover, flushing birds by 
disturbing the vegetation with sticks or by dragging ropes 
(Girard 1941). This method was slow, required many people, 
and allowed only small areas to be thoroughly searched. 
Additionally, the number of people trampling vegetation 
around the nest site and leaving scent may have increased 
predation.
The use of vehicles to pull a cable-chain drag (Klett 
et al. 198 6) reduces the number of personnel required and 
increases the amount of area that can be searched. However, 
repeated searches leave vehicle tracks that often remain for 
several years. In addition to the physical damage to the 
vegetation, predators probably use the tracks as access into 
nesting cover: Kirsch (1969) found fox tracks in 4 3% of
dust plots placed on vehicle tracks versus 8% on plots 
placed away from the tracks. Other studies have shown that 
investigator disturbance of nests, especially prior to the 
fifth day of egg-laying, increased nest abandonment (Balat 
1969, Duebbert and Lokemoen 1980, Livezey 1980). In 
addition, corvids and larids may use nest markers to locate 
nests (Dwernychuk and Boag 1972, Picozzi 1975, Livezey 
1980). However, other investigators found no difference in 
success between nests that were marked or visited and those
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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that were undisturbed (Hammond and Forward 1956, Keith 1961, 
Gottfried and Thompson 1978, Loman and Goransson 1978).
Artificial nests provide a potential alternative to 
directly monitoring duck nest success. They have been used 
in numerous instances to study nest predation relative to 
habitat characteristics (Baiser et al. 1968, Schranck 1972, 
Dwernychuk and Boag 1972, Wilcove 1985, Sugden and 
Beyersbergen 1986, Willebrand and Marcstrom 1988, Crabtree 
and Wolfe 1988, Storaas 1988). The advantages of using 
artificial nests are many. Unlike duck nests, artificial 
nests can be readily located in the field, saving time, 
equipment, and investigator effort. The sample size, 
location, and age of the nests can be controlled, thereby 
reducing sampling error. Finally, using artificial nests 
may alleviate disturbance to duck nests, which may in itself 
increase predation and abandonment.
Many investigators have used artificial nests to make 
implications about predation on natural nests (Chesness et 
al. 1968, Gottfried and Thompson 1978, Wilcove 1985, Yahner 
and Wright 1985, Andren et al. 1985, Sugden and Beyersbergen 
1986, Crabtree and Wolfe 1988) , but the relationship between 
predation rates on artificial and natural nests has rarely 
been documented. When predation on artificial nests is used 
to assess predation on natural nests, the results could be 
misleading, especially if olfaction is involved in finding 
nests. Storaas (1988) concluded that predation on
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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artificial nests was not a reliable index to predation on 
natural capercaillie (Tetrao uroaallus) nests, and suggested 
that artificial nests were more vulnerable to visual 
predators. Willebrand and Marcstrom (1988) also concluded 
that artificial nests were destroyed mainly by birds, while 
natural nests were destroyed mostly by mammals.
Minimal scent associated with artificial nests could 
limit the usefulness of the technique for monitoring nest 
destruction by mammals, many of which use olfactory cues 
prominently in their hunting strategies (Grant and Morris 
1971) . Techniques for constructing, placing, and monitoring 
artificial nests should include provisions to ensure that 
the nests attract a representative sample of the potential 
predators. Nests that are disproportionately attractive to 
avian predators will give results that are biased against 
mammalian predators and will not be a reliable index to 
overall predation on natural nests.
The objectives of this study were to determine whether 
artificial nests produced a reliable index to nest success 
of ground-nesting ducks and to test the hypothesis that 
scented artificial nests would provide a better index than 
unscented artificial nests.
I thank the U. S. Fish and Wildlife Service, Refuges 
and Wildlife Division for funding the research; refuge 
staffs at Benton Lake NWR, Bowdoin NWR, Charles M. Russell 
NWR, Freezeout Lake WMA, Lee Metcalf NWR, and the National
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Bison Range; the Montana Cooperative Wildlife Research Unit;
Dr. J, Ball; Dr. R. Hutto; Dr. D. Pletscher; Dr. A Sheldon;
N. Hall; and the many students at the University of Montana
who assisted in fieldwork.
STUDY AREAS
I chose 8 study sites in Montana (Fig. 1) to encompass 
a wide geographic area, different nesting habitats, a 
variety of predator populations and a range of potential 
predation rates. I located study fields in the largest 
blocks of dense vegetation available to maximize the 
likelihood of finding an adequate sample of duck nests.
Four fields were situated in dense nesting cover (DNC): 
Hailstone National Wildlife Refuge (NWR), Sandsmark 
Waterfowl Production Area (WPA), Freezeout Lake Wildlife 
Management Area (WMA), and Benton Lake NWR; 2 in greasewood 
(Atriolex patula): Halfbreed NWR and Freezeout Lake WMA; 2 
in native mixed-grass prairie: Bowdoin NWR and Benton Lake 
NWR; and 2 in exotic grasses: Lee Metcalf NWR and Pablo NWR.
METHODS
The study was conducted from May through July in 1989 
and 1990. In 1989, I studied 9 fields at 7 sites, and in 
1990 added an additional field at Pablo NWR for a total of 
10 fields at 8 sites. All fields were searched twice each 
season for duck nests using either a cable-chain drag (Klett
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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et al. 1986) pulled between two all-terrain-vehicles (ATV) 
or jeeps, an ATV-mounted boom drag with dangling chains, or 
a rope drag pulled by hand. I placed flagged willow (Salix 
spp.) sticks 5 m north of each nest, measured vegetation 
height and density (Robel et al. 1970), and restored any 
disturbed vegetation before leaving the site. I rechecked 
duck nests at approximately 20 day intervals to determine 
their fates. A duck nest was considered successful if at 
least 1 egg hatched. Nests abandoned as a result of 
investigator disturbance and those for which the fate could 
not be determined were deleted.
Artificial nests were randomly placed a minimum of 
70 m from each other and from the edge of the field, along 
transects. If the random location fell on an unfavorable 
spot such as bare ground or standing water, the nest was 
moved forward along the transect to the first favorable 
spot. Artificial nests were constructed by scraping a 10-12 
cm opening in the litter and placing 3 brown, medium-sized 
chicken eggs in the opening. The eggs were partially 
covered with the disturbed litter to obstruct approximately 
75% of the view from above. Alternate nests on each 
transect were scented by placing a scent disk (Linhart and 
Knowlton 1975) in the center of the nest. Artificial nests 
were approached on foot and inconspicuously marked 5 m to 
the north with flagged willow sticks- To relocate the nest
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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site, numbered tongue depressors were inserted into the 
ground so that only 2-3 cm remained visible.
I completed two trials on each field, one early in the 
nesting season (approximately May 20 - June 10) and one late 
(approximately June 10 - July 1). Approximately 50 
artificial nests were placed on each field per trial 
depending on the size of the field. Each trial was exposed 
for 21 days and checked once at the completion of the trial. 
I collected remains of depredated eggs and removed all eggs 
in successful nests from the area. Nests for the second 
trial were positioned randomly along the same transects. 
Generally when duck nests are predated all of the eggs are 
destroyed. Therefore, artificial nests were considered 
predated if 1 or more of the eggs were missing or destroyed.
Nest success for samples of artificial nests and duck 
nests were calculated using the Mayfield method (Mayfield 
1961, 1975) as modified by Johnson (1979). All Mayfield 
percentages were calculated using SAH.V2 software developed 
by S. Hicks at Medicine Lake NWR, Linear regression 
analysis was used to evaluate the relationship between the 2 
samples. Finally, I used Z-tests to determine the 
significance between pairs of nest success scores and 1-way 
analysis of variance (ANOVA) to compare the differences 
between groups of scores.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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RESULTS
I located 884 duck nests during the 2 year study 
period. The fates of 34 nests could not be determined and 
were deleted from the analysis. Duck nest success on the 19 
fields ranged from zero to 96%. Small sample sizes and low 
precision of nest success estimates occurred on several 
fields where predation was heavy. Duck nest success was 
significantly different between 1989 and 1990 on 1 field 
(Table 1). Duck nests were found in significantly denser 
vegetation than randomly placed artificial nests (x=2.2 dm 
vs x=l.6 dm; F=6.28, 1 df, P=0.0179).
I placed and monitored 153 6 artificial nests on the 
same fields in 1989 and 1990. Eighty-six nests were not 
relocated and were dropped from the analysis. Artificial 
nest success ranged from 1 to 100%, and larger sample sizes 
allowed for greater precision of the estimates than for duck 
nests. Artificial nest success decreased significantly on 6 
fields from 1989 to 1990 (Table 1). Success of early and 
late trials was not significantly different (x=54% vs x=44%; 
F=0.734, 1 df, P=0.4004), nor was success of scented and 
unscented samples (x=49% vs x=50%; F=0.038, 1 df, P=0.8458). 
Scented and unscented nests were placed in vegetation with 
similar mean visual obstruction measurements (x=l.5 dm vs 
x=l.4 dm; F=0.658, 1 df, P=0.5250).
Overall, success of artificial nests and duck nests was 
not significantly different (x=49% vs x=49%; F=0.076, 1 df,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 1. Mayfield nest success of artificial nests and duck nests on 19 fields in Montana during 1989 and 1990. 
(DNC = dense nesting cover, Native = native prairie, Greasewood = Atripiex oatulat.
Site
Aiificial nests Duck nests
1989 1990 Difference^ 1989 1990 Difference^
% C|a n % C|3 n % 01= n % 01= n
Benton Lal̂ e NWR
DNC 98 93-100 100 100 29 2 83 70-98 55 68 51-89 62 -15
Native 93 88-100 100 100 33 7 96 88-100 57 63 45-88 39 -33***
Bowdoin NWR 90 84-97 100 3 1 9 96 -07*** 57 36 90 27 74 57-94 84 17
Freezout Lal<e WIVIA
DNC 91 85-97 100 8 4-16 60 -83*** 73 50-100 27 72 54-97 47 -1
Greasewood 90 84-97 99 8 3-20 46 -82*** 72 56-93 47 83 69-100 65 11
Hailstone NWR 39 30-50 100 1 0-3 99 -38*** 2 1-33 12 0 4 -2
Hafbreed NWR 32 23-45 100 7 3-17 48 -25** 40 18-84 23 13 2-79 9 -27
Lee Metcalf NWR 36 27-48 100 9 4-21 44 -27* * 0 7 3 0-83 4 3
Pablo NWR 30 14 61 24 19 9-41 38
Sandsmarl  ̂WPA 52 42-64 100 51 40-65 72 -1 52 45-68 82 70 61-81 161 18
a. 95% confidence interval
b. Difference between 1990 and 1989 percent nest success. One asludst^ = siyuificance at p< 0.05, 2 asterisl<s = p< 0 .01 ,3  asterisl<s =
p< 0.001. H
15
P=0.7846). In 1989 a strong linear relationship existed 
between success of artificial and duck nests (R*=0.744,
P=0.003), but in 1990 greater variation occurred (R*=0.130, 
P=0.323) (Fig. 2). The low correlation in 1990 resulted 
primarily from low success of artificial nests at Bowdoin 
NWR and Freezeout Lake WMA (Fig. 3) . Because of the large 
(>60%) discrepancy between success of artificial and duck 
nests on these 3 fields, I dropped them from the regression 
analysis.
A regression of artificial (x) and duck (y) nest 
success for 1989 and 1990 combined yielded a linear 
relationship fit by the equation:
y = -0.931 + 0 .790X
R: = 0 . 7 5 6 ,  P < 0 . 0 0 1 ) ,  S E , .g = 1 7 .0 2 0 ,  SEjntercept'S • 0^9 ,
S E s , o p e = 0 . 1 2 0
The relatively high R* suggests a strong linear 
relationship, but the 95% prediction intervals indicate 
substantial variation (Fig. 4).
DISCUSSION
Predators may locate nests using a variety of visual, 
auditory, and olfactory cues. Duck nests and artificial 
nests present different cues, and thus may differ in 
detectability. For example, corvids may cue on the hen's 
daily feeding forays (Hammond and Forward 1956, Erikstad 
et al. 1982, Hill 1984), or red foxes fVuloes yulpes) may
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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follow the trails the hen leaves as she enters and exits the 
nest (Willebrand and Marcstrom 1988). Alternatively, 
artificial nests may be more vulnerable to skunks fMephitis 
mephitis) that search randomly (Crabtree and Wolfe 1988). 
Although I did not find a significant difference between 
success of artificial and duck nests, a large amount of 
variation occurred between fields and years. The specific 
composition of the predator communities at each site may 
have influenced the results. Further research is needed to 
determine if artificial nests disproportionately attract 
specific species of predators.
Storaas (1988) and Willebrand and Marcstrom (1988) 
speculated that mammals failed to detect artificial nests 
because of the lack of scent associated with the hen. 
However, the addition of scent disks to artificial nests did 
not significantly affect nest success. These results may 
have been a function of the strength and attractiveness of 
the scent. Although the scent disks work well when 
positioned above the ground at scent stations (Linhart and 
Knowlton 1975), their attractiveness may be reduced by 
placing them on the ground in the confines of a nest. 
Furthermore, the scented and unscented nests may have had 
enough human scent associated with them to facilitate easy 
detection of both samples.
The addition of artificial nests increased the density 
of available prey on each field. The decrease in artificial
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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nest success on 7 of 9 fields in 1990 may indicate that 
predators returned to foraging areas where they were 
previously successful. Sonerud (1987) found that hooded 
crows (Corvus cornix) were able to remember locations of 
nests from one nesting season to the next. Additionally, 
predators may have learned to associate particular patterns 
of disturbance with the artificial nests. Samples of 
artificial nests and duck nests were treated similarly with 
one exception: the investigators walked from one artificial
nest to the next, leaving a continuous trail. The duck 
nests were also approached on foot, but the trail was broken 
by segments on the ATV as the drag was moved forward. In 
some cases, predators may have detected artificial nests by 
following the trails.
The large decrease in artificial nest success, but not 
in duck nest success, at Bowdoin NWR and Freezeout Lake WMA 
in 1990 may indicate that artificial nests are easily 
detectable by some predators. The specific composition of 
the predator complexes on these sites is not known.
However, 2 of the fields were located on peninsulas, one of 
which was cut off by an electric fence that effectively 
excluded mammals, suggesting that avian predators destroyed 
the nests.
The regression lines for artificial and duck nest 
success in 1989 and 1990 are similar if the 3 points 
representing 1990 data for Bowdoin NWR and Freezeout Lake
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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WMA are removed (Fig. 3). A regression of the 1989 and 1990 
data combined shows strong correlation between artificial 
and duck nest success (Fig. 4). However, the relationship 
exhibits substantial variation as evidenced by the 95% 
prediction intervals. For instance, a researcher who uses 
the described methods to obtain an artificial nest success 
of 50% can predict with 95% confidence a duck nest success 
between zero and 75%.
Modifying the methods of placement of the nests may 
reduce some of the variation in the model. Using lower 
densities of artificial nests may deter predators from 
concentrating their foraging activities on the study fields. 
The distance between artificial nests should be traversed by 
vehicle or by using boundary roads to eliminate connecting 
trails between nests. Artificial nests should be placed in 
the densest available vegetation to better mimic the 
locations of duck nests.
CONCLUSION
Although a strong relationship exists between success 
of artificial nests and duck nests, the technique requires 
modification to increase precision. Artificial nests may be 
useful as an index to duck nest success in some cases.
Yearly nest dragging may not be necessary on areas with 
consistently high nest success and nest densities.
Artificial nests could be used to monitor increases in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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predation whereupon nest dragging could be resumed. 
Alternatively, artificial nests may be useful in documenting 
high predation on sites where adequate samples of duck nests 
are difficult to locate. However, because of the potential 
for variation, researchers should be cautious using 
artificial nests as an index to duck nest success
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DOES DENSE VEGETATION PROTECT DUCK NESTS FROM PREDATION?
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Abstract: I compared the mean vegetation height and density
(visual obstruction) and fate of 884 duck nests and 153 6 
artificial nests placed on the same fields in Montana in 
19 8 9 and 1990. The mean visual obstruction measurements at 
duck nests were significantly higher than for randomly 
positioned artificial nests (x=2.2 dm vs x-1.6 dm; F=6.28, l 
df, P=0.0179). Duck nests did not experience greater success 
than the randomly placed artificial nests (x=49% vs x=49%; 
F=0.076, 1 df, P=0.7846). Nest density increased 
exponentially with nest success (R̂  =0.725, P<0.0001), and 
was highest where predators were removed or excluded. Dense 
vegetation did not appear to ensure high nest success for 
ducks. Providing dense nesting vegetation without regard 
for predator communities and populations may result in 
ecological traps as nesting hens concentrate in attractive 
but unsafe cover.
Keywords : artificial nest, ground-nesting ducks, Montana,
nest density, predation
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INTRODUCTION
Nest predation is the primary cause of breeding failure 
for open-nesting birds across a variety of habitats and 
locations. In 28 species of migrant passerines, nest 
predation caused mortality of 44% of all active nests 
(Martin 1991). Cowardin et al. (1983) found that nest 
success of mallards (Anas platvrhvnchos) averaged only 3% in 
central North Dakota, with predation accounting for the at 
least 70% of losses. Thus, predation represents a strong 
selective pressure because of its impact on reproductive 
success. Reproductive strategies that minimize predation, 
such as nest site selection, are critically important to 
individual fitness and population stability.
It is well documented that ducks place their nests in 
fields of dense vegetation (Bengston 1970, Duebbert and 
Kantrud 1974, Livezey 1981, Hines and Mitchell 1983). 
However, microhabitat selection within dense fields of 
vegetation has received little attention and may have 
important management implications. In this paper I examine 
microhabitat selection of ground-nesting ducks within fields 
of dense vegetation and document the effects of microhabitat 
selection on nest success. Further, I investigate whether 
nest density and success can increase in fields of dense 
vegetation in the absence of predator management.
I thank the U.S. Fish and Wildlife Service, Refuges and 
Wildlife Division for funding the research; refuge staffs at
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Benton Lake NWR, Bowdoin NWR, Charles M. Russell NWR, 
Freezeout Lake WMA, Lee Metcalf NWR, and the National Bison 
Range; the Montana Cooperative Wildlife Research Unit; Dr.
J. Ball; Dr. R. Hutto; Dr. D. Pletscher; Dr. A. Sheldon; N. 
Hall; and the many students at the University of Montana who 
assisted in field work.
STUDY AREAS
I chose 8 study sites in Montana (Fig. 1) to encompass 
a wide geographic area, different nesting habitats, a 
variety of predator populations, and a range of potential 
predation rates. Fields were located in the largest blocks 
of dense vegetation available to maximize the likelihood of 
finding an adequate sample of duck nests. Four fields were 
situated in dense nesting cover (DNC): Hailstone National 
Wildlife Refuge (NWR), Sandsmark Waterfowl Production Area 
(WPA), Freezeout Lake Wildlife Management Area (WMA), and 
Benton Lake NWR; 2 in greasewood fAtriplex patula):
Halfbreed NWR and Freezeout Lake WMA; 2 in native mixed- 
grass prairie: Benton Lake NWR and Bowdoin NWR; and 2 in 
exotic grasses; Lee Metcalf NWR and Pablo NWR.
METHODS
The study was conducted during 2 field seasons from May 
through July in 1989 and 1990. I monitored nest success of 
duck nests and randomly placed artificial nests on 10 fields
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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in Montana. All fields were searched twice each season for 
duck nests using a cable-chain drag (Klett et al. 1986) 
pulled between 2 all-terrain-vehicles (ATV) or jeeps, an 
ATV-mounted boom drag with dangling chains or a rope drag 
pulled by hand. Flagged willow sticks were placed 5 m north
of the nests, vegetation height and density (visual
obstruction) was measured (Robel et al. 1970), and any 
disturbed vegetation restored upon leaving the site. I 
rechecked duck nests at approximately 20 day intervals to 
determine their fates. A duck nest was considered 
successful if at least 1 egg hatched. Nests abandoned as a 
result of investigator disturbance, and those for which the 
fate could not be determined, were deleted.
Artificial nests were randomly placed a minimum of 70 m 
from each other and from the edge of the field, along 
transects . If the random location fell on an unfavorable 
spot such as bare ground or standing water, the nest was
moved along the transect to the first favorable spot. I
constructed artificial nests by scraping a 10-12 cm opening 
in the litter and placing 3 brown, medium-sized, chicken 
eggs in the opening. The eggs were partially covered with 
the disturbed litter to obstruct approximately 75% of the 
view from above. Artificial nests were approached on foot, 
mean visual obstruction was measured, and the nests were 
inconspicuously marked 5 m to the north with flagged willow 
sticks. A numbered tongue depressor was inserted into the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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ground so that 2-3 cm remained to aid in relocating the nest 
site.
I completed 2 trials on each field, one early in the 
nesting season (approximately May 20 - June 10) and one late 
(approximately June 10 - July 1). Approximately 50 
artificial nests were placed on a field per trial depending 
on the size of the field. Each trial was exposed for 21 
days and checked once at the completion of the trial. The 
remains of depredated eggs and eggs in successful nests were 
removed from the area. Nests for the second trial were 
randomly repositioned along the same transects. Usually 
when duck nests were predated all of the eggs are destroyed. 
Therefore, artificial nests were considered predated if 1 or 
more of the eggs were missing or destroyed.
Nest success for samples of artificial nests and duck 
nests were calculated using the Mayfield method (Mayfield 
1961, 1975) as modified by Johnson (1979). All Mayfield 
percentages were calculated using SAH.V2 software developed 
by S. Hicks at Medicine Lake NWR. I compared mean visual 
obstruction measurements, and nest success for artificial 
and duck nests using 1-way analysis of variance (ANOVA).
RESULTS
I located 884 duck nests during the 2 year study 
period. The fates of 34 nests could not be determined and 
were deleted from the analysis. Duck nest success on the 19
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fields ranged from zero to 96%. Small sample sizes and low 
precision of nest success estimates occurred on several 
fields where predation was heavy. Duck nest success was 
significantly different on 1 field between 1989 and 1990 
(Table 1). Mean visual obstruction measurements were not 
recorded for duck nests at Bowdoin NWR or Pablo NWR.
I placed and monitored 153 6 artificial nests on the 
same fields in 1989 and 1990. Eighty-six nests were not 
relocated and were dropped from the analysis. Artificial 
nest success ranged from 1 to 100%, and large sample sizes 
allowed for greater precision of artificial nest success 
estimates than for duck nests. Artificial nest success was 
significantly different on 6 fields between 1989 and 1990 
(Table 1). Duck nests were located in significantly denser, 
taller vegetation than randomly placed artificial nests 
(X=2.2 dm vs x=l.6 dm; F=6.28, 1 df, P=0.0179) (Fig. 2).
Duck nests did not experience greater success than 
artificial nests (x=49% vs x=49%; F=0.076, 1 df, P=0.784 6). 
Neither successful duck nests (x=2.4 dm vs x=l.9 dm; F=l.88, 
1 df, P=0.184), nor successful artificial nests (x=l.6 dm vs 
x=1.6 dm; F=0.006, 1 df, P=0.939) had higher mean visual 
obstruction measurements than unsuccessful nests.
Mean visual obstruction measurements decreased in 1990 
for samples of artificial nests (x=1.9 dm vs x=l.1 dm;
F=4.68, 1 df, P=0.0482) and duck nests (x=2.5 dm vs x=1.7 
dm; F=7.83, 1 df, P=0.0142) (Fig. 3). Artificial nest
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Table 1. Mayfield nest success of artificial nests and duck nests on 19 fields in Montana during 1989 and 1990. 
(DNC = dense nesting cover, Native = native prairie, Greasewood = Atriolex patulal.
Site
Arificial nests Duck nests
1989 1990 Difference'^ 1989 1990 Difference'^
% CP n % CP n % CP n % CP n
Benton Lake NWR
DNC 98 93-100 100 100 29 2 83 70-98 55 68 51-89 62 -15
Native 93 88-100 100 100 33 7 96 88-100 57 63 45-88 39 -33***
Bowdoin NWR 90 84-97 100 3 1-9 96 -87*** 57 36-90 27 74 57-94 84 17
Freezoul Lake WMA
DNC 91 85-97 100 8 4-16 60 -83*** 73 50-100 27 72 54-97 47 1
Greasewood 90 84-97 99 8 3-20 46 -82*** 72 56-93 47 83 69-100 65 11
Hailstone NWR 39 30-50 100 1 0 3 99 -38*** 2 1-33 12 0 4 -2
Hafbreed NWR 32 23-45 100 7 3 17 48 -25** 40 18-84 23 13 2-79 9 -27
Lee Metcalf NWR 36 27-48 100 9 4 21 44 -27** 0 7 3 0-83 4 3
Pablo NWR 30 14 61 24 19 9-41 38
Sandsmark WPA 52 42-64 100 51 40-65 72 -1 52 45-68 82 70 61-81 161 18
a. 95% confidence interval
b. Difference between 1990 and 1989 percer ilnest success. One astensk = significance at p< 0.05, 2 asterisks = p< 0.01,3 asterisks =
p< 0.001.
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success decreased significantly from 1989 to 1990 (x=69% vs 
x=32%; F=4.92, 1 df, P=0.0413), but duck nest success did 
not differ (x=53% vs x=50%; F=0.041, 1 df, P=0.8421). A 
plot of between-year change in nest success versus mean 
visual obstruction reveals a general trend for decreasing 
nest success as mean visual obstruction increases (Fig. 4).
The density of duck nests was positively correlated 
with duck nest success (R̂  =0.725, P<0.0001)). Duck nest 
success and density were generally higher on fields where 
predators were removed (Fig. 5). On fields with nest 
success >50%, density was high only where predators were 
removed. In one extreme example, nest density increased 
370% after only 1 year of predator exclusion. Mean visual 
obstruction measurements were higher on predator removal 
areas than on non-removal areas in 1989 (x=l.18 dm vs 
x=0.327 dm; F=5.91, 1 df, P=0.0454) and 1990 (x=1.84 dm vs 
x=0.185 dm; F=17.7, 1 df, P=0.003).
DISCUSSION
Historically, ducks nested and prospered with 
predation. However, predator complexes were dominated by 
large carnivores such as coyotes fCanis latrans) and grey 
wolves (Ç. Lupus) (Sargent et al. 1984); and smaller nest 
predators such as striped skunks (Mephitis mephitis) , 
raccoons rprocvon lotor), and red fox fVulpes vulpes) may 
have been relatively sparse or absent. Under historic
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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conditions, nests concealed in dense, tall vegetation may 
have been relatively safe from predation.
Undoubtedly, the number and variety of predators on 
duck breeding grounds have changed since the time when 
selection may have favored the process of selecting nest 
sites in dense vegetation. In my study on 8 sites 
representing 4 habitats, ducks consistently chose nest sites 
with higher mean visual obstruction measurements than 
randomly placed artificial nests. Duck nests did not, 
however, experience greater nest success than the randomly 
placed artificial nests. There may be a trend for 
decreasing nest success as vegetation height and density 
increases (Fig. 4). Although the relationship is weak and 
confounded by external variables such as weather, it 
generally agrees with other authors' findings that predation 
was higher in dense nesting cover managed for waterfowl 
production (Holm 1984, Sargent et al. 1984). When predator 
populations are high, dense vegetation may be a deterrent to 
nest success if predators concentrate their foraging 
activities in it.
An increase in microtine populations in Montana in 19 9 0 
(D. Holt pers. comm.) may have caused the overall decrease 
in mean visual obstruction (Fig. 3). The subsequent 
decrease in artificial nest success, but not in duck nest 
success, may indicate that predators returned to foraging 
areas where they had been successful the previous year, or
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predators may have learned to follow the trails left by the 
investigators as they walked from nest to nest (Kurnat 
1991).
Improving nesting cover alone may not increase nest 
success (Schranck 1972, Duebbert and Kantrud 1974, Duebbert 
and Lokemoen 1980, Sargent et al. 1984). The density of 
predator populations may be more important than the presence 
of dense nesting cover (Fig. 5). It is not surprising that 
duck nest success increased on areas where predators were 
removed, but it is interesting that the density of nests 
increased exponentially on these sites. Indeed, the only 
sites with high nest density were sites where predators were 
removed. Hines and Mitchell (1983) also found that nest 
density was greatest in habitats where nest success was 
highest. They speculated that higher homing rates by 
successful hens and learned selection of the safest habitats 
were responsible for the high nest densities. Several 
studies have shown that duck hens return to nest sites where 
they were previously successful (Doty and Lee 1974, Bishop 
et al. 1978, Dow and Fredga 1983) . Results on the 
greasewood site at Freezeout Lake WMA indicate that a more 
immediate response may also operate to increase nest 
density. Prior to the nesting season in 1990 an electric 
fence was installed to exclude mammalian predators. 
Subsequently, nest success increased 11.5% while nest
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density increased 370%, suggesting that the hens were 
capable of recognizing safe nest sites.
In this study the predator removal sites had higher 
mean visual obstruction measurements than non-removal sites. 
Therefore we are unable to discern if the absence of 
predators or the presence of dense, tall vegetation 
contributed to higher nest success. In addition, care must 
be taken when examining patterns of prey distributions. 
Visual predators may create patchiness in nest distributions 
by cropping nests with the least cover, while mammalian 
predators relying on olfaction to locate nests may decrease 
nest density independently of visually defined habitat 
characteristics (Wiens 197 6). Finally, finding duck nests 
depends on flushing hens from active nests. Nest density 
data on sites with high predation are no doubt somewhat 
biased biased because nests that are destroyed predators 
prior to searching are rarely found.
CONCLUSIONS
Many management strategies for increasing waterfowl 
recruitment are concerned with the problem of separating 
nesting ducks from predators. When predator populations are 
low, adequate amounts of quality nesting cover may 
effectively limit predation. However, when predator 
populations are high and available nesting habitat is 
fragmented, mammalian predation may make most nesting cover
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unsafe (Schranck 1972, Hines and Mitchell 1983). Only large 
tracts of vigorous, young vegetation are likely to reduce 
the impacts of abundant mammalian predators (Duebbert 1969, 
Miller 1971, Duebbert and Lokemoen 1976). Loss and 
fragmentation of nesting habitat requires management 
techniques that increase nest success and nest density. 
Attracting birds to small patches of dense vegetation 
without providing safety from predation may create 
ecological traps. Intensive techniques such as predator 
removal, fencing of nesting areas, and construction of 
islands may be necessary on many areas to increase 
recruitment to levels that will sustain duck populations. 
Long term reversal of waterfowl population declines over 
broad regions may be dependent on maintaining local coyote 
fCanis latrans) populations in deference to red foxes 
(Sargent and Arnold 1984), and changing agricultural 
practices to limit destruction of nests during farming 
operations (Higgins 1977).
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Appendix A. Detailed description of study sites.
Lee Metcalf National wildlife Refuge
Lee Metcalf NWR is situated on the east side of the 
Bitteroot River, 40 km south of Missoula, Montana in Ravalli 
County. The Refuge lies in a valley formed by the Bitteroot 
Mountains on the west and the Sapphire Mountains on the 
east. The valley is characterized as undifferentiated 
stream bottom, with level or gently sloping soils that are 
somewhat excessively drained. The two dominant soil types, 
Chamokane gravelly sandy loam and Slocum loam, are shallow, 
lying over gravel. The water table varies from 0 to 0.9 m 
below the soil surface and is controlled by the rise and 
fall of the river.
At an elevation of 990 m, the refuge receives 60% of 
the 31-41 cm annual precipitation during the 126 day growing 
season beginning in May. The average temperature ranges 
from -3* C in January to 9“ C in July.
The 1093 ha refuge is a mosaic of wet meadow grasslands 
interspersed with emergent wetlands, and upland grasslands. 
The native upland grasses have been replaced by introduced 
grass species and dense nesting cover (DNC). The study area 
was a 55 ha field of DNC primarily composed of tall 
wheatgrass fAaroovron elonaatum) and intermediate wheatgrass 
(A. intermedium  ̂ with a sparse alfalfa fMedicago sativa) 
component. The study field was dotted with small (< 0.4 ha) 
cattail fTvpha Lajtifplia) rimmed potholes. The Bitteroot
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River and its associated riparian area of cottonwood 
(Populus trichocarpa), ponderosa pine fPinus ponderosa), and 
willow (Salix spp.), formed the western border of the study 
field. Gravel roads ran adjacent to the north and east 
borders, and a field of tame grass formed the southern 
boundary. A raised dike and a gravel road bisected the 
study field.
Surrounding land use varied from intensive, irrigated 
farming to ranching. The predator population is likewise 
diverse and adapted to the intensity of land use. Raccoons 
(Procvon lotor), striped skunks (Mephitis mephitis), red fox 
fVulpes vulpes), and coyotes (Canis latrans) are potential 
mammalian predators. Black-billed magpies (Pica pica), 
common ravens (Corvus corax), and American crows (Corvus 
brachyrhynchos) are also present. No predator removal 
programs were being conducted on the Refuge during the study 
period.
Hailstone and Halfbreed National Wildlife Refuges
Administered by Charles M. Russell NWR, Hailstone and 
Halfbreed Refuges are located 6.4 km east of Rapelji,
Montana in Stillwater County. The area receives an average 
annual precipitation of 25 cm, has an average July 
temperature of 19* c and a growing season of 110-12 0 days 
beginning in mid-June. Grazing and hay production are the 
dominant surrounding land uses.
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Although located only a few miles from each other, the 
two refuges have distinct characteristics. Hailstone is 
described as gently sloping to very steep, with well drained 
soils over sandstone and shale. The dominant soils on the 
upland areas are Yamac loam and Lambeth-Rentsac complex. A 
large, permanent, alkali lake connected to a wetland 
complex to the north, is the major hydrologie feature of the 
area. The dominant wetland vegetation is alkali bulrush 
(Scirpus spp.) and various salt tolerant sedges fCarex 
spp.). Two types of upland habitat surround the lake: 
native, short grass prairie characterized by western 
wheatgrass fAaropvron smithii), bluegrama fBouteloua 
gracilis), little bluestem (Andropogan scoparius), needle- 
and-thread grass (Stipa comata), and various wildflowers and 
forbs; and DNC comprised of tall wheatgrass, intermediate 
wheatgrass and alfalfa. The study field was located in DNC 
on a gently rolling section of the Refuge. The 14 6 ha study 
field was bounded by gravel trails on the north and east, 
and by pasture on the south and west.
Potential predators include coyotes, red fox, skunks, 
raccoons, Franklin's ground squirrels fCitellus franklini), 
badgers fTaxidea taxus), California gulls fLarus 
californicus), ring-billed gulls (Larus delwarensis) , 
ravens, crows and magpies. No predator control was 
practiced on the Refuge.
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In contrast. Halfbreed NWR has level, poorly drained 
saline soils. The area is characterized as having McKenzie 
clay saline and Larde11 clay loam soils, both of which are 
very saline soils forming salt crusts on the surface. 
Halfbreed Lake, a shallow, poorly drained depression is the 
main feature of the Refuge. The surrounding landscape is 
level and subject to intermittent flooding.
The dominant vegetation is greasewood fAtriolex 
patula^, interspersed with alkali sacaton fSporobolus 
airoides), kochia (Kochia scoparia), western wheatgrass, 
junegrass (Koeleria cristata), various saltgrasses 
fDistichlis), and annual forbs. Portions of the field were 
covered by shallow, standing water during parts of the 
study. The study field was bounded by Refuge land on all 
sides, except for the east side where it abutted private 
pasture.
Potential predators include skunks, coyotes, badgers, 
red fox, raccoons, Franklin's ground squirrels, magpies, 
ravens, crows, ring—billed gulls, and California gulls.
Benton Lake National Wildlife Refuge
Established in 1929, Benton Lake NWR is located 22.5 km 
north of Great Falls, Montana in Cascade County, with small 
portions in Teton and Choteau Counties. At an elevation of 
1109 m, the Refuge receives nearly 70% of its 3 6 cm of 
annual precipitation between April and September. The
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growing season is approximately 105-135 days long and the 
average July temperature is 21" C.
The region is characterized by fertile soils and smooth 
topography, interspersed with breaks and coulees. The main 
source of water to the Refuge is from Muddy Creek, primarily 
fed by irrigation return. The deep, well drained Pendroy- 
Marias soils are mainly suited for dryland crops. The major 
surrounding land use is small-grain farming.
Slightly more than half of the 4,953 ha refuge is 
upland habitat. Short grass prairie covers 2,348 ha and is 
dominated by green needlegrass fStipa viridula), western 
wheatgrass, and bluebunch wheatgrass fAaropvron spicatun). 
DNC was planted in seven field totaling 251 ha. Species 
include tall wheatgrass, intermediate wheatgrass, alfalfa, 
and yellow sweetclover (Melilotus officinalis.) .
One study field of 94 ha was located in native grasses. 
The field was bordered by native grasses to the south, by 
the shallow lake on the west, and by gravel roads on the 
north and east. An additional gravel road bisected the 
study field longitudinally.
A second study field of 27 ha was located 1.6 km north 
of the first field, in DNC. The DNC was hayed in strips in 
alternate years. Only strips not hayed the previous year, 
and thus with residual cover, were used. The alfalfa 
component of the grass mix was dominate, with tall and 
intermediate wheatgrass sparsely interspersed. The study
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field was bordered by Benton Lake on the south and by gravel 
roads on all other sides.
Known predators on the Refuge are raccoons, striped 
skunks, badgers, coyotes, Franklin's ground squirrels, 
ravens, crows, magpies, ring-billed gulls, and California 
gulls. Removal of skunks and raccoons was initiated in 1982 
and continued until the end of the nesting season in 1989.
An adult male raccoon was removed from the DNC study field 
prior to the commencement of the study in May 1989.
Bowdoin National Wildlife Refuge
Established in 193 6, Bowdoin NWR is located 11.3 km 
east of Malta, Montana in Phillips County. The Refuge is 
within the Milk River drainage, a tributary of the Missouri 
River. Water diverted from the Milk River is the primary 
source of inflow to the Refuge, although irrigation return 
from adjacent farmlands, natural runoff, and ground-water 
seeps also contribute a small amount.
The climate of the area is semiarid continental, 
characterized by a wide range of temperature extremes, low 
relative humidity, frequent winds, and small amounts of 
precipitation. Seasonal conditions include cold dry 
winters; cool, moist springs; warm, dry summers; and cool 
dry autumns. Recurring periods of drought or near drought 
are common. Intense rainstorms of short duration may occur 
from spring through autumn and may produce significant
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runoff. Severe cold periods are common during the winter, 
but are usually of short duration.
Mean annual air temperature averages about 6“ C.
Average temperature is -13* C in January and 21“ C in July. 
Seasonal extremes in temperature are large and can range 
from near -51* C in winter to about 43* C in summer.
At an elevation of 678 m, the Refuge receives 
approximately 70% of its mean annual precipitation of 3 0.5 
cm during the 128 day growing season from April to July.
Glaciation was the predominant factor in the 
development of the soils and topography of the Milk River 
Basin. Lake Bowdoin and the other smaller lakes and ponds 
in the area are natural lakes found in topographic 
depressions scoured by glaciers. Soils on the Refuge were 
formed from glacial till and alluvial parent materials 
derived primarily from Cretaceous shale. The soils range 
from mildly to strongly alkaline and are depleted of plant 
available moisture for most of the summer. Unless 
irrigated, soil moisture is sufficient only for rangeland 
and some dryland farming. The major land use surrounding 
the Refuge is rangeland for cattle grazing.
Wetlands account for 52% (3289 ha) of the 6337 ha 
Refuge. Of this total 84.2% (2767 ha) is comprised of 
saline marshes. The upland areas are of two types, native 
short-grass prairie and introduced DNC. The study field was 
located in native grassland on a peninsula extending into
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Lake Bowdoin. The dominant grass species are needle-and- 
thread, western wheatgrass, blue grama, prairie junegrass, 
and inland salt grass (Distichlis spicata). The dominant 
shrubs are silver sagebrush (Artemisia cana) in non-saline 
areas and greasewood in saline areas. Dominant forbs 
include western yarrow (Achillea millefolium) and a variety 
of mustards (Brassicacae). Pricklypear cactus (Opuntia 
polvcantha). an invading species, is persistent.
Potential nest predators on the peninsula include 
striped skunks, red fox, coyotes, Franklin's ground 
squirrels, California gulls, ring-billed gulls, ravens, 
crows, and magpies. No predator removal occurred on the
peninsula during the time of the study.
Freezeout Lake Wildlife Management Area
Freezeout Lake is located approximately 3.2 km 
northwest of Fairfield, Montana in Teton County. The Lake 
occupies the lower portion of a glacial lake bed with base 
elevation 1114 m and has no outlet. Long, sloping plateaus 
with elevations of approximately 1219 m surround the basin.
The climate is semiarid with 60% of the 30.5 cm annual
precipitation falling from April to July. The average 
growing season extends from mid-May to late September. The 
average temperature for January is —5.5’ C, and for July is 
18.3’ C.
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The Lake was not a permanent body of water prior to 
irrigation of surrounding land, initiated in 1919. By 1952, 
the Lake covered 1661 ha with a maximum depth of 2.9 m and 
35.2 km of shoreline. The water level is presently 
maintained by waste and seepage waters flowing into the Lake 
via 10 ditches from adjacent irrigated lands. Irrigated 
farming of alfalfa and small-grains is the major surrounding 
land use.
The vegetation around the lake is mainly introduced 
DNC on previously farmed land, or greasewood on areas with 
alkaline soils. A study field was located in each of these 
cover types. The DNC field was located along the southwest 
shoreline, and was a long thin strip of land bounded by a 
gravel road on the east and the highway on the west. The 
dominant species on the site were tall and intermediate 
wheatgrass, alfalfa, and a small component of yellow 
sweetclover. No predator control occurred on this field 
during 1989, but trapping was initiated prior to the nesting 
season in 1990.
The second field was located on a peninsula in the 
southern half of the lake. The greasewood on the site had a 
hummocky appearance, the result of soil erosion between 
plants. Other plants present include foxtail barley 
(Hordeum iubatum). inland saltgrass, western wheatgrass, 
Sandberg bluegrass (Poa secunda), Nuthall saltbrush 
fAtriolex nuttallii). bluegrass (Poa spp.). alkali dropseed
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(Spprbolus airoides) , blue grama, hyssopleaf echinopsilan 
(Eghinops3,lan hvssopifolium) , seepweed fSuaeda depressa) , 
pepperwort fLepidium virginicum) and junegrass. During the 
Fall of 1989 a predator-proof electric fence was constructed 
across the peninsula. Traps were set to remove mammalian 
predators early in the Spring of 1990.
Potential predators on both sites are skunks, red fox, 
coyotes, raccoons, Franklin's ground squirrels, California 
gulls, ring-billed gulls, ravens, crows, and magpies.
Sandsmark Waterfowl Production Area
Sandsmark WPA is located 8 3 km north of Missoula, MT in 
Lake County. The WPA is part of a larger complex of State, 
Tribal, and Federal wildlife lands in the Flathead River 
Valley. The valley is bounded on the west by the Flathead 
River and on the east by the Mission Mountains. The soils 
in the area are mainly glacial drift and outwash deposits 
characterized by poorly rounded boulders, cobbles, pebbles, 
and sand. The valley floor is at an elevation of 910 m and 
the topography is gently rolling. A nearby 677 ha 
irrigation reservoir and numerous potholes provide abundant 
waterfowl habitat.
The climate is generally moderate. Average temperature 
ranges from -3.3* C in January to 18.8° c in July. Sixty 
percent of the average 25-36 cm of precipitation falls 
during the growing season.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
59
Intermittent grasslands, wet meadows, and temporary and 
seasonal wetlands are the primary habitats of the 13 0 ha 
WPA. The study field was located on 49 ha of DNC, mainly 
alfalfa, sweetclover, orchardgrass fDactvlis glomerata). 
smooth brome (Bromus inermis), and tall wheatgrass; and 3 2 
ha of uncultivated grasslands, mainly guackgrass {Aaropvron 
repens) and brome (Bromus spp.).
Surrounding land use is intense, small-grain farming 
and cattle grazing being the major uses. Principal predators 
are striped skunks, black-billed magpies, and ravens. 
Coyotes, ring-billed gulls, crows, and California gulls are 
also present. Striped skunks were actively removed from 
Sandsmark and the surrounding areas during the course of the 
study.
Pablo National Wildlife Refuge
Pablo NWR is also located in the Flathead River Valley, 
approximately 107 km north of Missoula, MT in Lake County. 
The topography and climate are similar to Sandsmark WPA 
described above. The Refuge contains a large irrigation 
reservoir and is surrounded by pastureland. Quackgrass and 
smooth brome, interspersed by patches of wild rose (Roaceae 
spp.), are the primary ground cover. Wooded portions are 
comprised of willow and Russian olive fElaeaqnus 
anaustifolia).
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Predators include coyotes, raccoons, striped skunks, 
red fox, ravens, black-billed magpies, crows, ring-billed 
gulls, and California gulls. No predator control was 
conducted during the course of the study. The land was 
heavily grazed by cattle during the nesting season.
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Appendix C. Mean visual obstruction measurements of artificial and natural duck nests for 19 
plots in Montana, 1989 and 1990.
Artificial. ±iaucaL
Sit2_ -Year visual obstruction * SE Visual obstruction * SE
Benton Lake NWR  
DNC
Native
Freezeout Lake W M A  
DNC
Greasewood  
Haiistone NWR  
Halfbreed NWR  
Lee Metcalf NWR  
Sandsmark WPA
1989 2.3 0 .9 3 2.9 0.81
1990 0 .70 0 .0 9 2 .3 0 .9 6
1 989 0 .7 3 0 .4 4 1.3 0 .5 7
1 990 0 .£ 2 0 .2 4 1.9 1.3
1 989 2 .3 0 .7 8 2 .3 0 .4 5
1990 1.3 0 .4 3 1.3 0 .7 3
1 989 1.4 0 .9 8 2 .5 0 .8 0
1 99 0 2 .2 2.1 1.1 0 .6 0
1989 1.5 1.1 2 .6 0 .7 6
1 990 1.2 0 .8 4 1.8 0 .2 5
1 9 8 9 3 .3 1.7 2 .9 1.3
1 9 9 0 1.0 0 .7 0 2 .4 0 .8 2
1 9 8 9 1 .6 0 .9 3 3 .2 1.3
1 9 9 0 1.1 0 .4 6 1.9 0 .1 0
1 98 9 2 .3 1.2 2 .5 1.1
1 99 0 1.6 0 .8 6 1.8 0.81
‘ all measurements are in dm
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Appendix D. Ground nesting duck species composition, percent Mayfield success, and mean 
visual obstruction measurements on 4 habitats in Montana, 1989 and 1990.
jm. JS9£L
Spgcigs n Visual obstmction %  Success _n Visual obstruction %  Success
NATIVE PRAIRIE
Mallard 0 - - 13 1.6 49
Gadwall 26 1.6 66 56 1.9 63
A. Widgeon 3 1.9 23 2 - 29
G W Teal 0 - - 2 0 .8 2
BW Teal 8 1.3 55 23 1.3 100
N. Shoveler 26 1 .4 84 40 2 .6 66
N. Pintail 22 0 .8 46 19 1.6 32
L. Scaup 6 1.2 100 3 5 .0 100
DENSE NESTING  CO VER
Mallard 3 4 2 .8 48 62 1.3 55
Gadwall 58 3 .0 71 51 2 .7 89
A. Widgeon 3 3 .4 57 10 1.9 40
G W Teal 1 4.1 100 8 1.8 79
BW Teal 31 2 .4 63 33 1.4 70
N. Shoveler 26 1.5 55 26 1.2 92
N. Pintail 17 2 .3 21 23 1.3 49
G. Scaup 7 2 .7 100 9 1.9 53
G R EA SEW O O D
Mallard 4 3.2 100 7 0.8 0
Gadwall 18 3.0 81 15 1.5 84
A. Widgeon 5 2.8 59 1 0.8 100
G W Teal 0 - - 0 - -
BW Teal 20 2.4 36 15 1.0 60
N. Shoveler 7 1.5 67 19 0.9 100
N. Pintail 9 2.5 35 5 2.4 1
G. Scaup 6 3.0 100 10 1.6 100
IN TR O D U C ED  GRASSES
Mallard 2 4.7 10 15 1.9 39
Gadwall 0 - - 4 2.6 100
A. Widgeon 0 - - 1 • 100
G W Teal 3 2.4 4 17 3.1 100
B W Teal 0 - - 17 1.9 63
N. Shoveler 0 - - 10 1.6 81
N. Pintail 0 - - 0 - -
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Appendix E. Identification of mammalian predators from 
tooth impressions in wax-filled eggs.
In 1989 I placed 1 wax-filled egg in each artificial 
nest in an attempt to procure tooth impressions for 
identification of mammalian predators. Wax eggs were made 
by cutting 0.5 cm holes in the side of chicken eggs using a 
razor blade. I emptied the egg contents and refilled each 
shell with melted dental wax using a 40 cc syringe. Dental 
wax was superior to both paraffin and bees' wax in hardness 
and cost. Once the eggs were cooled I replaced the section 
of shell cut away to make the hole, gluing it in place with 
hot wax.
The majority of wax eggs from predated nests were not 
recovered. I discovered several at nearby roost-sites or 
along travelways. Apparently predators that could not open 
the wax eggs at the nest cached them or carried them off to 
investigate further at a more comfortable site. Only 24 
tooth impressions were recovered from a total of 899 wax 
eggs. The recovered eggs were bitten and gnawed to the 
extent that identification was impossible.
The technique may be marginally useful in 
distinguishing between mammalian and avian predators, but 
the low number of eggs recovered, and the time and expense 
of making the eggs outweighs the benefits. In 1990 I 
discontinued using wax eggs.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
